SEMICONDUCTOR DEVICE STRUCTURE AND METHOD FOR 



FORMING 



Related Application 
This is related to United States Patent Application having Attorney 
Docket Number SC11798TP, entitled "Semiconductor Device Structure and 
Method for Forming," filed on even date, and assigned to the current assignee 
hereof. 

Field of the Invention 
The present invention relates generally to a semiconductor device 
structure and more specifically to trench isolation structures. 

Related Art 

The ability to integrate a wider variety of deyices and structures into a 
single integrated circuit allows for increased speed and efficiency while 
reducing costs. However, problems arise during the integration of these 
different devices and structures. For example, some integrated circuits require 
multiple types of shallow trench isolation having different properties. An 
embedded non-volatile memory (NVM), for example, requires good trench 
comer rounding for bitcell reliability, endurance, and uniform program/erase 
threshold voltage distribution. However, logic devices located within a same 
integrated circuit as the NVM require narrower trenches but with less severe 
comer rounding as compared to the trenches within the embedded NVM. 
Filling of these narrower trenches, though, may result in voids, thus limiting the 
yield of the integrated circuit. Therefore, a need exists for the formation of 



semiconductor device structures within an integrated circuit having different 
isolation properties and requirements. 



Brief Description of the Drawings 



The present invention is illustrated by way of example and not limited by 
the accompanying figures, in which like references indicate similar elements, 
5 and in which: 

FIGs. 1-5 illustrate sequential cross sectional views of a semiconductor 
device structure made in accordance with one embodiment of the present 
invention; and 

FIGs. 6-7 illustrate sequential cross sectional views of a semiconductor 
10 device structure made in accordance with an alternate embodiment of the 

U present invention 

P 

p Skilled artisans appreciate that elements in the figures are illustrated for 

II 

(f\ simplicity and clarity and have not necessarily been drawn to scale. For 

11 example, the dimensions of some of the elements in the figures may be 

"f 15 exaggerated relative to other elements to help improve the understanding of the 

12 embodiments of the present invention. 
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Detailed Description of the Drawings 



System on a chip solutions require the ability to fabricate different 
semiconductor device structures into a same chip. However, as mentioned 
5 above, different semiconductor device structures may have different isolation 
requirements. For example, system on a chip solutions may require both NVM 
device and logic to be within the same chip. Trenches within an NVM device, 
though, generally require wider trenches with a thicker oxide lining and greater 
trench corner rounding as compared to trenches outside the NVM device. 
10 Therefore, different regions within a chip may require different trench widths. 

j.* FIG. 1 illustrates one embodiment of a semiconductor device structure 10 

C3 

O having a narrower width trench 18 and a wider width trench 20 within a 

[fj substrate 12, a stress relief layer 14, and a barrier layer 16 where narrower 

ll width trench 18 is narrower than wider width trench 20. For example, narrower 

3 5 

J y 15 width trench 18 may have a width of approximately 1800 Angstroms and wider 
11 width trench 20 may have a width of approximately 3600 Angstroms. (Note that 

JJ these widths are only examples, and each trench may have any width, as 
^ appropriate, so long as narrower width trench 18 is narrower than wider width 

trench 20.) Each trench may have a depth (as measured from the top surface of 
20 substrate 12) in a range of approximately 2500 Angstroms to 6000 Angstroms. 
Typically, wider width trench 20 and narrower width trench 18 have a same 
depth, but in alternate embodiments, the depths may be different. 

Substrate 12 can be, for example, a silicon substrate, a gallium arsenide 
substrate, a silicon germanium substrate, a silicon-on-insulator (SOI) substrate, 
25 or any other appropriate substrate. Stress relief layer 14 may be an oxide layer, 
or may be any other appropriate material that provides stress relief for barrier 
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layer 16, such as, for example, a nitride layer. Typically, stress relief layer 14 
has a thickness in a range of approximately 100 to 200 Angstroms. In one 
embodiment, stress relief layer 14 has a thickness of approximately 150 
Angstroms. In one embodiment, barrier layer 16 may be made of any type of 
material that does not oxidize. For example, barrier layer 16 may be a nitride 
layer. Typically, barrier layer 16 has a thickness in a range of approximately 
1000 to 2000 Angstroms. In one embodiment, barrier layer 16 has a thickness 
of approximately 1400 Angstroms. (Therefore, stress relief layer 14 may also 
be referred to as a pad oxide and barrier layer 16 may also be referred to as a 
pad nitride.) Narrower trench 18 may be located in a logic section of an 
integrated circuit while wider trench 20 may be located in an embedded NVM 
within the integrated circuit. However, narrower width trench 18 and wider 
width trench 20 may be located in any region within the integrated circuit and 
are not limited to the logic areas or embedded NVM, respectively. 

FIG. 2 illustrates one embodiment of semiconductor device structure 10 
after formation of a liner within trenches 18 and 20. In one embodiment, oxide 
liner layers 22 and 24 are formed simultaneously by thermally growing oxide 
within the trenches. Wider width trench 20 may require a thicker oxide liner 
layer 24 with a greater degree of corner rounding 23 as compared to the oxide 
liner layer 22 and corner rounding 23 within narrower width trench 18. 
Therefore, in one embodiment, oxide liner layer 24 is grown to a thickness of 
approximately 250 Angstroms. However, oxide liner layer 22 also grows to a 
same thickness (approximately 250 Angstroms, in this embodiment). Since the 
oxide grows more on the sides than on the bottom of the trenches, the trench 
widths of both narrower width trench 18 and wider width trench 20 are each 
decreased by approximately 600 Angstroms (i.e. 300 Angstroms per side, 



corresponding to the 250 Angstroms that were grown in this embodiment). 
Therefore, the depth of wider width trench 20, as measured from the top of 
barrier layer 16, may be, in this embodiment, approximately 5800 Angstroms. 
After formation of oxide liner layer 24, the width of wider width trench 20 may 
5 be, in one embodiment, approximately 3000 Angstroms (assuming a width of 
3600 Angstroms before the formation of oxide liner layer 24). Therefore, the 
resulting aspect ratio in this embodiment is approximately 1.9 to 1 (i.e. 
5800/3000 to 1). Similarly, the depth of narrower width trench 18, as measured 
from the top of barrier layer 16, may be, in one embodiment, approximately 
10 5800 Angstroms. After formation of oxide liner layer 22, the width of narrower 

J* width trench 18 may be, in this embodiment, approximately 1200 Angstroms 

O (assuming a width of 1800 Angstroms before formation of oxide liner layer 22). 

in Therefore, the resulting aspect ratio in this embodiment is approximately 4.8 to 

C 1 (i.e. 5800/1200 to 1). 

& 15 As can be seen in reference to FIG. 2, the resulting aspect ratio for 

□ 

tl narrower width trench 18 is greater than the resulting aspect ratio for wider 
§ width trench 20. Furthermore, the aspect ratio of narrower width trench 18 may 

sss. 

Jjj be large enough to prevent complete filling of the trench, thus possibly causing 

the formation of voids. These voids within the trenches may lead to shorts 

* 

20 (such as, for example, by polysilicon) within the surrounding circuitry and 
reduce yield of the resulting integrated circuit. However, sufficient oxide still 
needs to be grown to achieve the desired corner rounding 23 of substrate 12 
within wider width trench 20. Growing the desired amount of oxide within 
wider width trench 20, though, may result in an aspect ratio of narrower width 

25 trench 18 that results in the creation of voids. 
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The rounded comers of substrate 12, illustrated in FIG. 2 as corners 21 
and 23, allow for improved gate oxide reliability. Therefore, different regions 
of an integrated circuit may require different degrees of comer rounding (for 
example, in one embodiment, comers 21 may have different degrees of 
rounding as compared to comers 23). In one embodiment, the radius of 
curvature for comers 21 and 23 is at least approximately 200 Angstroms. Also, 
note that although the above embodiment has been described in reference to 
using a thermally grown oxide for liner layers 22 and 24, alternate embodiments 
may use any variety of materials for liners in place of oxide liner layer 22 and 
24. (Therefore, oxide liner layers 22 and 24 may also be referred to as insulator 
liners.) For example, in one embodiment, an oxynitride layer may be used 
instead of oxide liner layers 22 and 24. Alternatively, any material capable of 
forming rounded comers 21 and 23 at the top of trenches 18 and 20 may be 
used in place of oxide liner layers 22 and 24. 

FIG. 3 illustrates one embodiment of semiconductor device structure 10 
after formation of a masking layer 26 overlying wider width trench 20. 
Masking layer 26 covers wider width trench 20 while leaving narrower width 
trench 18 exposed. FIG. 4 illustrates one embodiment of semiconductor device 
structure 10 after an etch step is performed in order to remove at least a portion 
of oxide liner layer 22 to form optional oxide liner layer 28. That is, if the etch 
step removes all of liner layer 22 within narrower width trench 18, no liner 
layer would be present. However, in one embodiment, only portions of oxide 
liner layer 22 are removed to form a thinner liner layer, oxide liner layer 28 
(where, in one embodiment, oxide liner layer 28 has a thickness of at least 
approximately 50 Angstroms). In one embodiment, approximately 100 
Angstroms are removed such that oxide liner layer 28 is 100 Angstroms thinner 



as compared to oxide liner layer 22. Using the same width and depth values 
used in the embodiment described above, this reduces the aspect ratio of 
narrower width trench 18 to approximately 4.15 to 1 (i.e. 5800/1400 to 1) 
without affecting the aspect ratio of wider width trench 20. The reduction in 
aspect ratio of narrower width trench 18 from 4.8 to 1 down to 4.15 to 1 helps 
ensure that no voids are created within narrower width trench 18 during a 
subsequent trench fill step. Therefore, masking layer 26 can be used to mask 
any trench region where oxide is not to be removed from the oxide liner layers 
within the trenches. 

In one embodiment, masking layer 26 has a thickness of at least 
approximately 5000 Angstroms. Alternatively, masking layer 26 can be of any 
thickness and material that prevents the reduction in the thickness of liner layer 
24 within wider width trench 20. For example, a wet etch may be used to 
remove a portion of oxide liner layer 22 (or to completely remove oxide liner 
layer 22). In this example, masking layer 26 would be a photoresist layer and 
portions of oxide liner layer 22 would be removed with a wet etchant, such as 
hydrofluoric acid. (That is, semiconductor device structure 10 may be dipped 
into hydrofluoric acid to remove portions of oxide liner layer 22.) 
Alternatively, a dry etch may be used to remove portions of oxide liner layer 
22. In this example, masking layer 26 would be a photoresist layer and portions 
of oxide liner layer 22 would be removed with a dry etchant, such as a fluorine- 
containing plasma. However, alternate embodiments may use different 
processes and masking layer materials to reduce (or remove) liner layers from 
selected trenches within semiconductor device structure 10. 

Therefore, it can be appreciated how trenches having different isolation 
properties may be formed within a same integrated circuit or chip. Insulator 



liner layers can be formed under a process that produces a sufficient liner 
thickness and sufficient corner rounding for wider width trenches. However, 
since the same thickness liner will also be formed within narrower width 
trenches that may not require the same corner rounding or liner thickness, a 
5 masking process may be used to protect the wider width trenches while the liner 
layers within the narrower width trenches are reduced or removed (thus 
reducing their corresponding aspect ratios). Therefore, voids can be prevented 
within the narrower width trenches. 

FIG. 5 illustrates one embodiment of semiconductor device structure 10 
10 after removing masking layer 26 and subsequently forming a trench fill layer 
It 30. Masking layer 26 may be removed using any known techniques. In one 
W embodiment, trench fill layer 30 is a blanket insulator film deposited using high 

in density plasma (HDP) over barrier layer 16, and within trenches 18 and 20. 

v3 

M Trench fill layer 30 is typically an insulating layer, such as an oxide. In 

W 

= 15 alternate embodiments, trench fill layer 30 may be any other suitable material or 

C3 

H may be formed using any other suitable techniques (such as, for example, 

C3 

^0 atmospheric pressure deposition, low pressure chemical vapor deposition 



- 



fy (LPCVD), etc.). Due to the reduction in the aspect ratio of narrower width 

trench 18, voids are not formed within narrower width trench 18 when trench 
20 fill layer 30 is formed. Subsequently (not shown), trench fill layer 30 may be 
planarized to remove excess portions of trench fill layer 30 overlying barrier 
layer 16. Portions of barrier layer 16 may also be removed during this 
planarization step. Conventional processing may then follow to form a 
completed integrated circuit, such as, for example, a microprocessor, a 
25 microcontroller, analog circuitry, non volatile memory, radio frequency 
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circuitry, etc. Therefore, in one embodiment, semiconductor device structure 
10 may be a portion of an integrated circuit. 

An alternate embodiment of semiconductor device structure 10 is 
illustrated in FIG. 6 as semiconductor device structure 10'. The formation of 
semiconductor device structure 10' begins as described above in reference to 
FIGs. 1 and 2, and as illustrated in FIGs. 1 and 2. Therefore, after completing 
the structure illustrated in FIG. 2, process continues as illustrated in FIG. 6 to 
form semiconductor device structure 10'. After the formation of oxide liner 
layers 22 and 24, at least portions of oxide liner layers 22 and 24 are removed to 
form optional thinner oxide liner layers 28 and 24' , as illustrated in FIG. 6. 
That is, if the removal step removes all of liner layers 22 and 24, no liner layer 
would be present in trenches 18 and 20. However, in one embodiment, only 
portions of oxide liner layers 22 and 24 are removed to form thinner oxide liner 
layers 28 and 24' (where, in one embodiment, oxide liner layers 28 and 24' each 
have a thickness of at least approximately 50 Angstroms). In one embodiment, 
approximately 100 Angstroms are removed such that oxide liner layers 28 and 
24' are 100 Angstroms thinner as compared to oxide liner layers 22 and 24. In 
this embodiment, unlike the embodiment illustrated in FIGs. 3 and 4, the aspect 
ratios of both narrower width trench 18 and wider width trench 20 are affected. 
As above, the reduction in aspect ratio of narrower width trench 18 from 4.8 to 
1 down to 4.15 to 1 helps ensure that no voids are created within narrower 
width trench 18 during a subsequent trench fill step. The reduction in aspect 
ratio of wider width trench 20, however, does not affect the resulting corner 
rounding (e.g. rounded corners 23), and still allows for a sufficiently thick oxide 
liner layer 24', if desired. 
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In one embodiment, the portions (or entirety) of oxide liner layers 22 and 
24 may be removed using an etch step. For example, a wet etch may be used to 
remove portions of oxide liner layers 22 and 24 (or to completely remove oxide 
liner layers 22 and 24). In this example, portions of oxide liner layers 22 and 
24 would be removed with a wet etchant, such as hydrofluoric acid. (That is, 
semiconductor device structure 10 may be dipped into hydrofluoric acid to 
remove portions of oxide liner layers 22 and 24 to form semiconductor device 
structure 10' having oxide liner layers 28 and 24' or having no oxide liner 
layers at all.) Alternatively, a dry etch may be used to remove portions of oxide 
liner layers 22 and 24. In this example, portions of oxide liner layers 22 and 24 
would be removed with a dry etchant, such as a fluorine-containing plasma. 
However, alternate embodiments may use different processes to reduce (or 
remove) liner layers from selected trenches within semiconductor device 
structure 10 to form semiconductor device structure 10'. 

Therefore, it can be appreciated how the embodiment illustrated in FIG. 6 
results in sufficient liner thicknesses and sufficient comer rounding for both 
narrower and wider width trenches without the use of a masking layer such as 
masking layer 26 in FIGs. 3 and 4. That is, insulator liner layers (such as, for 
example, oxide liner layers 28 and 24') can be formed under a process that 
produces sufficient liner thicknesses and sufficient comer rounding for a variety 
of different trenches having different widths. In this manner, the liner layers 
within narrower width trenches can be reduced or removed (thus reducing their 
corresponding aspect ratios) to prevent the formation of voids within these 
narrower width trenches. Furthermore, the voids can be prevented without the 
use of a masking layer (such as masking layer 26) if a thinner oxide liner layer 
such as oxide liner layer 28 is sufficient (or if no oxide liner layer in wider 
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width trench 20 is desired). That is, the use of masking layer 26 allows for the 
formation of a thinner oxide liner layer 28 (or no liner layer within narrower 
width trench 18) without affecting oxide liner layer 24. However, without the 
use of masking layer 26, as illustrated in FIGs. 6 and 7, both oxide liner layers 
22 and 24 are etched to form optional oxide liner layers 28 and 24' (or no liner 
layers within trenches 18 and 20). Note also that in this embodiment (without 
the use of masking layer 26), the resulting oxide liner layers 28 and 24' have 
generally the same thickness. 

FIG. 7 illustrates one embodiment of semiconductor device structure 10' 
after subsequently forming a trench fill layer 30. The method of forming trench 
fill layer 30 and the materials used for trench fill layer 30 are as described 
above in reference to FIG. 5. As with FIG. 5, here in FIG. 7, due to the 
reduction in the aspect ratio of narrower width trench 18, voids are not formed 
within narrower width trench 18 when trench fill layer 30 is formed. 
Processing after the formation of trench fill layer 30 also remains the same as 
was described above to form a completed integrated circuit, such as, for 
example, a microprocessor, a microcontroller, analog circuitry, non volatile 
memory, radio frequency circuitry, etc. Therefore, in one embodiment, 
semiconductor device structure 10' may be a portion of an integrated circuit. 

In the foregoing specification, the invention has been described with 
reference to specific embodiments. However, one of ordinary skill in the art 
appreciates that various modifications and changes can be made without 
departing from the scope of the present invention as set forth in the claims 
below. For example, the aspect ratios given above for narrower width trench 18 
and wider width trench 20 are only examples. Alternate embodiments may use 
any variety of dimensions, as appropriate, to form trenches 18 and 20, and liner 
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layers 22, 24, and 28. Therefore, any of the dimensions provided herein are 
only examples of possible values. Furthermore, any of the materials discussed 
herein are also provided as examples. For example, as discussed above, 
alternate embodiments may use other materials for forming liner layers 22, 24, 
and 28, and are not limited to oxide layers. Accordingly, the specification and 
figures are to be regarded in an illustrative rather than a restrictive sense, and all 
such modifications are intended to be included within the scope of present 
invention. 

Benefits, other advantages, and solutions to problems have been 
described above with regard to specific embodiments. However, the benefits, 
advantages, solutions to problems, and any element(s) that may cause any 
benefit, advantage, or solution to occur or become more pronounced are not to 
be construed as a critical, required, or essential feature or element of any or all 
the claims. As used herein, the terms "comprises," "comprising," or any other 
variation thereof, are intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a list of elements does not 
include only those elements but may include other elements not expressly listed 
or inherent to such process, method, article, or apparatus. 
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